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I. INTRODUCTION'

THE observations presented here were undertaken The fact, then, that in the actual air flow over
as a continuation of a broader pragram to investi- Nantucket many of the numerous complexities
gate atmospheric convection. One phase of this ordinarily affecting the air motion have been
study concerns the relation between convective nearly eliminated, or at least to some degree con-
motions, their energy sources, and the structure of trolled, means that fairly accurate theoretical and
the atmosphere prior to their onset, The structure perhaps laboratory models of the flow may be
of the atmosphere is described in terms of such constructed and tested against the real situation.
parameters as temperature, humidity, velocity, Two preliminary theoretical studies have already
turbulence, and distribtition of these in space. appeared as technical reports (Malkus and Stem,
An oceanic island was chosen as the site for this I9Si; Srtrn and Malkus, 1952)1 and will soon be
phase of the study primarily becaase it serves as published. The second of these makes use of the
a localized and clearly defined energy source for present data in comparison with the theoretical
convective motions. Nantucket was selected predictions of the streamline flow over the island,
from the many accesible islands in the Woods especially in its relation to the development of a
Hole area, nearly all known to produce convective well-mixed ground layer, Parts of the data have
cloud streets, mainly because of its-flat, smooth been further used to study the structure and de-
topography. Because its elevation never exceeds velopment of individual cumulus clouds. This
i5 meters above sea level and because it contains work is discussed by Malku3 (195•2). The island
no large trees, hills or other obstructions, the convection problem, with emphasis on conditions
effect of heating the air from below is rather well for the downwind "Ie waves" (made visible as
"isolated due to minimization of the barrier and cumulus streets ifsufficient moisture is present) has
frictional effects. Previous observational work been related to more general problems concerning
(Malkus, Bunker, and McCasland, ,949)l indi- cumulus clouds in a review article by Malkus
cares that such heating is the main energy source (1932a).
for the observed convective motions and consti. In this paper the data are merely presented
tutes a necessary but not sufficient condition for case by case with a minimum of interpretative dis-
their production. This conclusion is corroborated cussion. The study of individual clouds is sub-
and extended by the present data. ordinated to an emphasis on the over-all flow

Other desirable features of Nantucket are its picture and the effects of the island thereupon.
dimensions (see Figure i). It ranges from 5 to Much of the information is given in tabular form.
jo km in north-south extent and isjust over 2o km In this way it is hoped to be most useful for the
long from east to west. Its relatively small size many possible studies which may be made con-
suggests that the scale of the convective motions cerning the modification of a qtable air stream by
produced will be small enough so that effects of a heated land mass,
the earth's rotation are not of primary importance, Altogether eight individual case studies were
and its relatively greater east-west length sug. made during the summer of 195o, Case i was
gests that for northerly or southerly winds it may made over an area different from those remaining
behave nearly as an "infinitely wide" island. and a paper on it has been published elsewhere

I The work described in this r,&* was carriedout part (Malkus, Bunker, and McCasland, ig5s). Among
of a research project cwducted under Contract N60onr-77o2 2-8, five cases of varying degrees of cumulus pro-
(NR.o82.o25) between the U. S. Navy's Office of Naval Re- duction were studied, and in contrast two days in
search and the Woods Hole Oceanographic Insdoibon. which no convective clouds appeared, On two

I Observational srudes of convectiow. Woods Hole
Oceanographic Irtitrurion, Reference No. 49-51, Manuscript cases, fog eventually covered Nantucket. In
report to Ofce of'Naval Research. 1949, every case, the inco. -"g solar radiation varied

4 The Anw of a stable atmosphere over a heated island, little from the typica, ;.solation curve shown in
Res, Rep. Dept, Physics, Illinois Inst. of Tech. igp, Air Figure 2. Presentation of each of the seven cases
flow over a hcated island RIU, Woods Hole Oc raphlc follows after a brief discussion of the observa-
Institution, Reference No. 42-27, 1952. Manuscript reports ionl proer andistuments u seda
to Office of Naval Research. tional procedures and instruments used,

_ 5
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II. OBSERVATIONAL PROCEDURES AND TECHNIQUES

A. BASIC OBSERVATIONAL PROCEDUaR Nantucket Station or from the Daily Upper Air
The obseational progran was centered Bulletin of the U, S. Navy Weather Central.

around airplane measurements of temperature, I. .irplane ohsieations, Dry. and wet-bulb
moisture., ond turbulence. The flights were ori. temperatures, heights, vertical accelerations of the
ented so as to 0btain-a cross section of the atmos- airplane, cloud photographs, and general notes
phere across the island parallel to the wind were taken by either Joanne Malkus or Kenneth
direction. Two different flight-patterns were McCasland,
executed: one a series of four helical soundings, The airplane psychregraph is described in de.
the other a series of horizontal flights over the tail elsewhere by McCasland (19IS lp' Likewise
island and surrounding waters, The center posi. the accelerometer has been reported on by Vine,'
tion of each of the helical soundings flown is The plane's altimeter furnished the pressure.
marked on the water temperature chart, Figure 1. height readings. A simple arrangement of relays
"The first helix was flown about 3 km upwind of permitted the simultaneous side-marking of the
the island, the second over the island, while the temperature and accelerometer traces. A Speed
third and fourth were flown, about 4 and 8 km Graphic camera loaded vith plus-x Ailm ania
downwind. On three of the cases (as indicated in equipped with a red filter was carried in the-plane
the, tables) an exacting routine was followed so for cloud photographs.
that 4oo 4of altitude was gained Nvith each revo- 1. NaeJ ke i a Hea-t flow~~~~lution of the~platte in the helix. The air speed was .Nntk i• os!int.Hafow

uhvalues were obtained at 2 m over the grass at the
-adjusted so that the helix diameter was r.6 km. 4
By marking on the records the exact moment of ai~ort by Donald Parson, Jr. The routine pilot
rival at the upwind and downwind point of the balloon, radiosonde, and surface observations of

h e t p n the U. S. Weather Bureau were used. The heat-could bte ea poei et result of this proced- flow equipment has been reported on by Parson

urt was to obtain observations in eight well- it is autrhtield th hat
defined vertical colunins rather than in four mean it is a recording computer that yields the heat flow
-position columns (as was the situation in the through the air by forming the product of the
remaining case). The horizontal runs over the instantaneous vertical component of the turbulent
island were flown upwind and downwind at sev- air by the instantaneous value of the temperature,
eral altitudes-depending on the cloud base height, 3. Tuakernuck Island obseruaions. Pilot bal.
Notes were made of the plane's positionridttude, loon, surface dry- and wet-bulb temperature,
and air speed. surface wind, sea temperature and cloud observa.

Numerous other observations were made to tions were made by Andrew F. Bunker. Time-
supplement the-airplane flights, among the most lapse movies of the clouds forming over Nan-
important being those from observing stations on tucket were taken from this island, and some still
Tuckernuck Island and Nantucket Airport, The pictures,
techniques, instruments, and observers are listed The pilot balloon observations made on Tucker-
in the following paragraphs. nuck were taken in the usual manner with the

standard equipment, The only deviation from
B. OBSERVATIONAL TECHNIQUES, lSSTA'UMENTS, the orthodox procedure was that the rate of ascent

AND O1sERvIEs was decreased and 30-second readings were made

The following is a complete list of all observa. i Modificatioun of the airplane psyckropgh and adap.
tions taken and used in the present investigation ration of the humidity strip to alrpline sounditngs Woods
-rnd the instruments-with which they-we-r-made-. Hole Oceanographic Institution, Referene No. .x-,g.

The oosmirpt-repott to Ofce oft al Rvwrehtg-rT- -The observers or organizations taking the observa-, "Accelerometer for Air Turbulence Meuurements" by
tions are stated, Weather Bureau observations Allyn C. Vine. Memorandum on file at the Woods Hole
were copied either from the original forms at the Oceanographic Ilntitution, August !94.ý.

7
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to achieve more detailed information about the A correction was made for the dynamic heating
wind structure. A sling psychrometer, a Casella of the air as it is brought to rest at the thermistor,
anemr meter, and a dip bucket thermometer were i ing the air speed of the plane and the experi-

used fkhie surface observations. The time-lapse mentally determined factor o.9 in the expression
pictures 0,f the clouds were photographed with a o.9(v/zoo)', where v is the air speed of the plane
Bolex 16 mmn camera. A solenoid and timing de- in miles per hour. This term gives the necessary
vice operated by batteries tripped the shutter so dry-bulb correction in 'C. The wet-bulb correc-
that pictures could be obtained at any interval tion is found by multiplying this value by the
from 3j second to io seconds, The Tuckernuck ratio of saturation-adiabatic lapse rate to the
still photographs were taken by a 35 mm motor- dry-adiabatic lapse rate.
driven Leica. All other computations such as the pilot hal-

4. Supymtry oi&rPvoi,. The tempera- loon observations were made in the standard
ture of the water surrounding Nantucket (results manner.
shown in Figure z) was determined by Columbus O non-standard quantity, the turbulence

O'D. Iselin, Jr. and David M, Owen. Both dipbuckseti and b Dhythrorapd . Observations wee d index, has been used extensively in this paper andbucket and bathythermograph observations were reursadinto ddsrpino he thx
obtained during a boat trip around the island. r e deer itin and de t he niethne
The bathythermograph has been described by ofdeterminingit. The turbulence index is defned

Spilhaus (z938). Insolation was measured by the as the area enclosd by the envelope surrounding
pyrheliometer mounted on the roof of the Occano- a 1o-second trace of the vertical accelerations ex-
graphic Institution buildingi at Woods Hole. The perienced by the airplane. The envelope is formed
instrument was constructed by the Eppley Labor- by connecting all the crests and then all of the
atories and the readings were recorded on -a Leeds troughs of the io-second trace. A polar plan-
and Northrup potentiometer. imeter is used to measure the enclosed area. The

C. Dturbulence index units are expressed in terms of
C. REDUCTIxON or DATA AND DErINIIo 0 or the smallest subdivision of the planimeter. An

TuBU.LENCE INnEx intensity of the air turbulence which produces
A detailed discussion of the routine reduction alternately, positive and negative accelerations of

of the potentiomettr readings to the usual mete- 1oo cm sec-1 has a turbulence index of 24. It will
orological quantities such as dry.bulb tempera- be noted ,hat the turbulence index has the dimen-
turts, mixing ratio, and potential temperature sions of velocity; it is the product of an accelera-
will not be given. These computations were tion times a time. The velocity has no exact
carried out with the aid of routine calibration meaning, but serves very well as a measure of the
tables, nomograms, and moisture charts. turbulence of the air.

iF



III. DISCUSSION OF INDIVIDUAL CASES

A. Case 2-August 8, 195o, in which well- t.a ..0 W
dvelopecd cumulus streets were formed. 4"

The synop~tic chart showed that the Nantucket
area was in the northern portion of a high-pressure
cell-follow'g--the passage of a polar front nearly-
"five days ptvlously. Puring the earlypart of the
day, the. rear4ide of a small trough indenting the
high was over the region, so that the lower level
wind was weakly from the north, As the day
passedi the small trough moved off to the east and - -

the wittd became, the strengthening southwesterly- -, -
associated with the western portion of the high. . .. . ,,. ,,.

Dring most of the time that. the plane was ,
observing,_ the surface wind remained northerly Fic. j. Nantucket raoon& observati-o, 10W LST,a Auoi•ts, 1.i o (Cate 2)ý The curve marked T is the
and onily -during, the list -h6rittl. traverses temperatture that marked Ti. is the dew-point ttem
through and near the cumulus -clouds, had it pertw.. Tih fiures the tight of the tem tuft
shifted to the- siouth,_ The Tuickernuck pilot-bal- cure af nw in WgmfK A dry balt is

AM" b the iohtloud fine a qh nabtb
loon AbservIaioin at ii38 i3s; in the middle of thefihtd iQ ,tdstb

FIG- 4. AerW photogaph at i2ig Err, Aupst 8, 9o, lookin westward fom Ntuket toward Marthu Vine-
yord, Land mass ii foreground is Chappaquiddick Ilalnd (see Ftg, i), Clouds to far rght ame formed by Cape Cod.
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I4

Fic. 5, AeU pho•,o•mp at •4 RIT, Auvgst 8, xSo, The tmall isLir'd forming the dod stret is Tuckernuck,
- oaiy km in wiidth Cte cldod to the fir right an frmed by Chappaquiddkik (see VW 4).

the observing period, showed a northerly surface 8.5 gm/kg; in the cloud layer (8oo-i-oo m) it
wind of 1.8 mrs, increasing to 4.8 mps at I 26c m was 7.1 gm/kg, and had fallen to 5.5 gm/kg at
(see Figure 6 and Table i). 2 km,

The sky was clear, with scattered cirrus and Early in the day, at about o8o0 EST, cumulus
excellent visibility. The pyrheliometer record at streets began appearing downwind of the larger,
Woods Hole showed a maximum insolation rate Cape Cod islands, being well-developed over even
of 1.4 gm cal/cm' per minute. Upwind of the the smaller ones such as Tuckernuck by io000EST
island the low-level air temperature was a little Some aerial photographs of these clouds are shown
more than 2'C colder than the water temperature in Figures 4 and S. The airplane soundings were
of 2.6*C. made in a north-south direction across Nantucket,

The Nantucket radiosonde, reproduced in along the line indicated in Figure i. Unfortu.
Figure 3, showed the effects of heating from below nately, these psychrograph records were insuffi.
by a strong lapse rate in the first kin, which ciently reliable to reproduce, but by the time of
was, except for the superadiabatic lowest 5o m, the horizontal traverses at 1345 EST the instru-
o.8 5*Cxoo m, From I km to I5oo rn, the air ments were again operating properly. Figure 6
was more stable, the lapse rate being o.3 0C/ioo m. shows a cross section of the air over the island
Above i~oc m it steepened slightly and no inver- constructed from the horizontal runs at 6o m,
sions or marked stable layers occurred up to the ISo mi, and 36o m, together with the turbulence
highest level recorded at 400 ib, The mean index up to greater heights obtained from the
mixing ratio from the surface to Soo m was about accelerometer records made during the spiral

;L ....

S. . .. i . . . . . . i .1..



OBSERVATIONAL STUDIES OF THE AIR FLOW OVER NANTUCKET ISLAND IUMMER OF 1950 II
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xs ao-t W M Ob t i n e -- -- m h ori zon ta ts at 6 o m , r S.o m , a d 1 o mi 3 5
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1 .4 3 3 t M R o d W b y' s o li d jl: • f T h A -s l i o a f i o f t u r b u e n i n d e x, i n u n i t s e q u a l t o o a t
plaifiirnter, division (weSection 11, C for .dei.itkm said dicin of tutrbulence iaes. R satnds he hxlh and
is pl c e in are as o f m ax im u mur b u e c i •n d S stand s for sm oo th an d is pl aced in sari s of m inim um t au.x
en i c e i f d .T h t u t • b t e n d a a , b o v e j 6 ,, m w a s o b t ai n e d h ao m t h e -s p i" a l s m d m od e b e't" , t z q - t3 q

15-, T h~e wind compowt .k f, ,the cro u section is sho wn at the far Left, as calcula te fm th 11•38 Tuki
pio bilco o smrati"n• (se I'be 0., The dark strip alon the boto (o-- ,6 k mn) indicate tk island, The

h tme• disu c scl o rigin at es t the upwind be ad, so that dis ta am g• iven in km downwi dl of this point

soundings, Evidence of heating by the island is slightly to its left five radio towecrs are detectable.
very pronounced at 3oo m. From the vertiWa These were also detectable on the motion picture
"etent of the roughened air, together with the frames, The greatest rate of rise of the cloud
temperature gradient along the ground, it is towers shown in the motion picture strip occurred
plausible to infer .that a well-mixed ground layer just over this spot. The cloud tower which goes
extended up to 700-8o m (see Cases 3 and 4,). through its active growth from the 2nd to -the
The forward-slanting roughened region extending zoth frame (4, minutes) had an average rate of rise

well downwind of the'island and to height's exceed. f€rpwihwsclcltdfo h l ic

Ing 12Wo m is a result~of the clouds' shooting re- the location and height of the cloud were known,

peatedfly up into this area. A Second cloud repeats the cycle in the same spot
Cloud base was at 750 m upon the plane's from the 9th to the 17th frame, and following that

arrival, rising to 85o m by midaf'ternoon, and was a third one beginning in the i4.th frarne, L ndicat-
always lower toward the eastern. portions of the ing that this spot was probably a preferred loca.
island. The highest cloud- towers reached about don for the formation of cloud-scale updrafts,
i~oo m. Considerable information was obtainable Another such location was evident Just inside the

from the photographs taken on this day. Figure 7 lee shore and an even more pronounced region
shows a section from the time-lapse films at about about I to 2 km off the lee -sore, The large cloud
noon. The frames are reproduced every 3o sec. towers were approximately i,S km apart. Further
onds, Figure 8 shows a still picture taken at calculations from thene photographs have been
nearly the same time, which gives the orientation made and discussed by Malkus (1952.). Several
orf t h-g c lo uJ d s w ith , es t t u- th r l et s h o r o f th e - h u r z o ta l p la n e tr mv zrs w zm' m a d c -th ro ug h -an d

island, The low cliffs marking this shore appear near the clouds, but these were not begun until
just right of the center of the still photograph, and 1436 EST, By this time the clouds were dying
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a

Fr. . Time-lapse pictm;re. made of clo'ids over and near lee shore of Nantc::ket near neon August 8 19,
Frame; reproduced every -- eccrd, Camera loaited on T ckernuck and pcinted yco:rh o,' emr, Nrc;h iYto

the !eft and mov .h to the right. The wind boAs from ref' to right and increases slightly with elevation.
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* ~ io.6m St~mcwt~wmrcmc at mWGA tbe Sui flue as the MOuca Pietwe Of M7.Caumn
pouxt~d jatugsd auth oteaat. The 6aw ch&!iwUe to dwtoeit a( the mnt" an the lee jvu hm~ of.

"a4 the low-level wind had becorft southerly.- So- their surroundinp that these -data have not been
littli differenie appeared -between' the clouds. and repr~oduced.

TABLE I C~ASE I - 131.

FzIMALWOo" OSSuat'Anoks AT Tvmzzamumz 1sLaD(9Iicu6aih 5/m0 Viuibifity ezeiAft)

108 Oa 1.3

(.u) (d"" cloakv~m from N)ý (as)1x 4
10S . 10 2.6 its 332 1~36

-216 035 4.0 -41.4 34

331

315 331 3.0 51.3 ~ 3is
414: 331 1.1 612 338 4-4
513 331, 70733 441

101 3.3 80153

C03 4.9 i I.-
990 002 6.3 h110 026 3.6

- 100 3F 6,3 '16 011 4.A
!f~t n C"kat nii oLWz

So
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so a " S Oast.a ()•vAToss AT TUCKXUM •ISA9i •over water which was cooling it from below. The
TA , 2-C,,E i Nanu'da han c , araet r viobibty •z e.

71=9 TA T.+ T" kew,-- APi• -At~o*.•o us-, some .cirrus- appearvAj -dualml]•++ y. irl.
awnmt X+ cm inj to a -7fto coverage -vb o 22, at wrhich

1230m~a~ 20. 16 ime the hate hata lowered the visifibti from, 3.

1330 20.2 r. toI - ils

+•aIP-.••4+16,S m (The morning- (too Err) Nantucket - raio-l<

1/10 son4- g/reprdc In oes -- d in
, ater tp77 olsouth e small inversion based at about I5o m and a la gwrWater fmwalmmtwe O o~rth Ibftk(1s30) 2*.6'C•..

i , ..e .6e - -m e " -W 01 Af " W " Je

* TAzLz 3-CASEIw

InnoLAtIC As G nm Phat iwzJawara iT Woocas Hou.
AovouT 1; 1950

3-4 Imb-

0908-ZeTail 46. 10-40 75.0

PuIL& KLJLOOM OiUZXVATtOES AT N~rccrA~x

NVUI S.-, ++ t•., °O.

A1PuPBt•.O v-unh.o. -- r V ' IV-r IV

1000 an1 - . ýtf tnh,
swam ASPt) (m Fi,9 9.. Nantuwket t•dmmdt 0IsWvaiU, I= -5.

-1 Aiut9p (Ce 3). 71w I m v imarkd T ise
O_ + tmpate tkat • teark To , u the dew r.p.* ,hc

Jo 0 e.7 mm matLed P-M'i/ the hed t cur The
914 36o " im the

t124d .2 t the "ame timeare entered at the appropriatee

h1 z PMre at the extm right.

143- onbased at about 2.8 km. The mean mixing
0+++ o30 5o.7 ratio in the lowest 2.8 km was 6.5 gm/kg, decreas.•o5 a40 3.?

203. ing rapidly above. The direction of the airplane
914 330 7.2 flights was along a line from west southwest to

1119 330 20.3
21193.4 east northeast. The upwind (first) sounding

S 350 1.4 showed a low-level inversion from the surface to

438 ISO IOJ about i$o m which, was far stronger than that
" 350 9.3 measured by the Nantucket radiosonde over the
3V island. The lapse rate in this lowest layer was

calculated to be -2-,66C/ioo m. From i•o-
B, Case 3 - August 9, 195o, in which no cumulus 1200 m, the lapse rate was o.62C/z•oo m.

clouds were formed. The pyrheliometer record at Woods Hole

The synoptic situation showed a new polar showed a maximum insolation rate at noon of
front appearing north of the area, cutting the about x.2 gm cal/cm msin. Due to the advancing
Great Lakes and reaching into Labrador, with cirrus, the insolation rate declined more rapidly
Nantucket located in another slight trough indent- after noon than in the typical picture shown by
ing the rear portion of` the predominating high- Figure 2, Computation of the sensible heat accu-

S....pressure cell. This high was now becoming, a mulated between-- Sounding It (see Figure x for
warm anticyclone. The average gradient wind location), which was assumed representative of
was from west southwest, and the air reaching the air just off the upwind shore, and Sounding 2,
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FIi, Crossetn of mixing ratio in un/kg coorucd from the sam soundings us those of VW Io

made centrally over the island, gave a result cor. was mainly confined to the lowest 'sfo--Io m of
. . .r-esl ing t• nnih- heat- Rlu• int€ t-air of airs ~alth ughp prceptible warmini of the air was
o.6 gm cal/cm min. Comparison of these two detectable up to Soo mn on 6i 4eo -idieii-isidhi, -
soundings showed that the heating by the island A measurement by the heat exchange computer

m
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e Section II B) operated on Nantucket airport, -cation occurs-about 3"km beyond 'th downfwnd'.
just south of the locat'n' of Sounding I (saf Fig- 'shore., probibly indicating the preece of dt-
ure z for location), showed a heating rate of only scending--motion.. The largetscale eddyecxchange
about o.t jon-ca/cmr min. This instrument was coefficient (Austausch) for sensible. heat could be
operated somewhat later than the 'soundings, -imated frm the heat aemul•aion •from one
'however, and meanwhlc the cirrus cover had in- -.airplane sounding to the next and thie berved
creased from 3/1 to 6!. Between Sounding 2 vertical griadient orpottia1 tempitur It
and Sounding 3, which was madejustoff the down- value was largest in the lowest x So m directly ove.
wind shore, sensible heat was still being-a~w .-. die is d where it averaged slightly less than
lated by thi air at a rate of nearly 0.4 gmcal/cm0 Too gin c'- sec- Fsewere, fluxes and grdi
min, while between Sounding 3 and Sounding 4, ents were too snialJ to permit an vtimation. It
6.5 km off the downwind shore, sensible heat was is unlikely in such a stable air stream that turbu-
being renoved from the air at a rate of nearly. lent fluxes were of significance away from the
imo g caVcrn2 min. This was ten timesgretater immediate vicinity of the island.
than the downwind rate of heat removalon any
of the other Nantucket cases. Figure. i shows
that the very coldest water near Nantucket is TBLE 5- CA 3 .
found off the east shore where Sounding 4 was Pioar BAL0• OO 0-SaVATM AT T•t•ux• sAwp

made. Furthermore, the shallow vertical pene- 1136 , o
tration of the heating due to the high initial sta- Avoui, 19P

bility would fcifitate relatively more rapid re- ,
moval of the added heat thaý. on a day when tdi7, 2 3 N

island heating had been dif led throigh a thickei: 20-

layer. 23l

The ia.36ý.PT Tuckernuck ilt balloon ob- -1 31.servratioeU~a~le 5) showed• an wi nd in the j1,3 3 10.0
243 1o4lowest jioo m which was west southwest about 4 _6.0

Tomrps, iihibiting only very slight turning toward IGO.
the west TA-l height. As indicated by the I4S O0.0

1000 EST Nantucket radio wind observation (wee a ,

Figure 9), this clockwise turning became more pro-
nounced higher up, along with an increase in windsix~d. T~sL, 6 - C~sE
speed.

While several cumulus clouds were observed SUeIPACe OWKVATI0o5s AT-TucxazaxcK lstIAx

forming over Marthas Vineyard and over Cape .ucuit 9, 19

Cod on the horizon, no cumulus at all were formed Tie T L Vic D blee spew

over Nantucket on this day. The results of the 'max
airplane soundingsare showni n Figures to and i t. ow9.30• 19.9 --- /C/ 3 SW to

Figure To gives the distribution of potential temr- ijo 21,6 1g. 1 j!CU 3/:od 3 SW to
perature and turbulence index in a cross -section 1230 M12 2 - - 6/:od 3 SW 2o

parallel to the surface wind. The low maximum 13y 111 1&6 - -- /oci I SW to
value of turbulence index over the island and the W per off outh bead (14 5) 2•.,T
shtirp confinement of the roughened air within the
first 2oo m over the island are particularly note- TABLE 7 CASE 3
worthy. No large-scale redistribution of turbu.
lence, heat or moisture occurred over Nantucket INOLATION AS GIVEN SY PYRMEL1•O? A?-r Wooos HOLE
in this case. Figure it shows the simultaneous AavoT. 9, ig5o
distribution of mixing ratio along the same cross Hour (, ) ( W hour) Hour (gy) (aM <,t M /O-ut•)

__ -- -- stMo. -No-tethat --whil-e the in i~tial -moistureP o&-ok 36o - t uog& i2o
strati tionis modified somew-atby mixixng over _M60 _ -• a 6 5-

0908-1008 a p d•s-- 59.0
the island, a pronounced drying out and restratifi- 1oo8-uioi 71.0 1 409-1508 52.5

- ~ - .--..- A
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" -C AuoUiT9-, 1 C, Came *- August 14, 9qSo, in which• well.
S-so,,developed cumulus street were formed.

Out ~ OVýX 4at,3. mdw~s f d& hr The synaptic picture showed a polar front op
1111"2 ZW- -t ing, from the Great, Lakes reiion southeastwod

[- Temp.- M,�Ma_ yNftat Ti. through northern Florida and northeastward out
mb r. loTmn.into the Atlantic, A moderate cold highvwas cen.

t t- . 1* 134* 4 tered in Pennsylvania. Nantucket was located in
lot|+ 16 '.6 1 13.:1 V9.8 I a small, weak trough indenting the forward por-

-- |-3 23 13-5 -•9 -. t tion of this high, 'so° that although the $ .ent103 'i -- : t 21.7 14.2 1" 1gh-od
01< 31 1•1.7 -4. - 194.0 I wind was weakly from the south, the air ieaching

100. *7 14 13.1 29510
1010 55 .1.4 1 3.7 249,1 the islan& had only a-short trajectory over watet.

P5 63 "4 , The trough was s•hallow, and the gradient wind
'A7 2-I 3.7 3.0 24 thih MW045 9 24.9 - .6 297.5 1 very rapidly veered with Might throug westto .•. ote 24 - 1.6 %ý I toward northwest. The _visibility -was good-

~~25.1 77 18I°•/ ~~I 991 -: , -7 1 , throughozut the day,,and,',he temlerat-ie ofth

"" o - 23.7 7.4 197.6 .J lowest air upwind of the island was veryjness

-'so 11 23.s 7,S 29LO equal to that of tlhi wAter. The most- significant
S$ 313 13-0 7.6 191.2 feature 6f the undisturbed currethQon this '4,y was--
976 22.9 7.4 191.1 I the fact that the flow over Nantucket was very
973 U7•4 .76 20,1 9.
f 470 1hi 7.6 *1,1 1 weak from the- south tip to about 900 m, while

945 65 1i•5. 7.1 19.5 I above that, it was weakly from tie north.

Fs
- .- ---- -
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S- _ .. .. . .._ /• Most of the cumulus clouds, however,2 erz
"mated below or near the level of wind discontinuity,
with onlya -few of the tallest towers shooting far
above into the region of northerly winds, Nearly
'All the islands were forming cloud atret on~tis

nut day, even including Tuckemuck which is less than
, km wide. The first cumutlus over Cape and

__Z islands were seen about o830' ,f, An aerial
photo (Pigure 12) 4ooking west northwest from

. - above the western portion of Nantucket toward
'1 Chappaquiddick Islandomsi& the Tuckgrnuck

clouds and the westernmost Nantucket sequence
at 1012 EST, The Nantucket clouds formed into
very clearly defined streets, with a large cloud

________________ over the island, and smaller, periodically-spaced
"Fm 13. -:Map hav =a* N" : iuke, dou -t, puffs extending o'ver a distiance of about io kmFm4 Ava. 1, 13. a xat-u . downwind. The location, approximate size, and
iii wab1 exct ea to TqIha. F** 14 WAS spacing of the most striking cloud street studjed
-taken ham TUCkertUUck Island G(muvd "grondý
camera"), We F*.i6 andi ,,takes frm the are shown in Figure !3, This entire street was
air at thvse plces markad ' ae p " ad", PI, •n plo . plane k6tie W photographed from Tuckernuck at 1248 EST
of the mmas of thei eal ao•dis am &,.mn by (Figure 14). Shortly after this photograph, the

--were made , k" tw "Mt section. large cloud on the right shot-up a tall, southward-

Fic, i44 PhotWaph Crom Tuckernuck IWand looking east northeast toward Natucket (see Fti, 13) showmg
roinrt Niantucket cloud stree at 1,8 r, August 14igfo. Clod basxir St 4• M.
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Pic. 16. Aerial photo of part d-major N&ýucer d e neo tmt, Augut- - l;~a, ftm Inatioa rnatked "first
pline photo" in Fig. ;3, Taken beiween 1300 an4';jz EST.

10oo m in 10,5 minutes and the upper portions of graphed from several angles by the observer ir the
the cloud descended again to about igoo m in plane (see Figures 16 and 17),
4 minutes before dissipating. This would indi- The Nantucket radiosonde observation at
cate mean ascending speeds of about 2 mps and 1o0o EsT (Figure ig) showed rather low stability
mean descending speeds of just over I mps. The throughout, with a small inversion at 300 m and
maximum vertical speed maintained over 30 sec- anothe only slightly stronger at 3.9 km. The
onds was an ascent rate of 5.2 mps exhibit"d mean mixing ratio up to the first inversion was
briefly by a small portion of the tower. Thermaxi-- 9.2 gm/kg, and from there up to 3,1 km was
mum rate of descent during any 30-second period 4,9 gm/kg, dropping rapidly above. The upwind
was 1,7 mps'. These figures cannot be relied on airplane sounding (see Figure I) showed a mean
to better than =o.5 mps, and may, if anything, lapse rate in the lowest 935 m (southerly flow) of
be slightly too large, The cloud spacing was o,7o'C/ioc m, and from 935 m to the top of the
readily calculated from Figure 14, since both the sounding at i255 m, a mean of o.5 9'C/10C m,
height of the cloud base, and the distance and The pyrheliometer record at Woods Hole
orientation of the street with respect to the camera showed a noon maximum insolation rate of .4. gm
were accurately known. The distance between cal/cm mmin, The amount of sensible heat accu-
cloud centers came out to bc just under I km. mulated between Sounding i and Sounding z
This figure was checked from Figure 12 by cal- correspcnded to a heating rate of" the air by the
cuiating the spacing of the cloud shadovws which ground of o.S4 gm cal/cm mrin, The heating
could be located accurately on a map of Nan- effect of the island was noticeable as high as
tucket. The same cloud street was also photo- ii km on this day. Between Sounding 2 and
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- ~io=s Ac-,d•,' photo nf psn of'major INantucket cloud street, August 14, 1gý0, from location marked "Second
plane photo' in Flg. 13, Taken btvween i.oo eid U1 otv DT - Ceirai- ' -u photrtrrph is thirdoud frohm

south end or street in Fig. i,

i W,1e te ,.,,, W e Sounding 3, sensible heat was accumulated by the
1. . air corresponding to a rate of oI gm cal/cm' min,

and between Soundings 3 and 4 heat was being
m. _ i ,i removed at a rate corresponding to 0.07 gm

"cal/cm mrin. The heat exchange computer, oper-
ated on Nantucket airport neat noon showed a

S. ,,, sensible heat flux of o.47 gm cal/cm mrin into
t ' .. . the air.

",, ,,The pilot balloon run made from Nantucket
,,___,. at 0oo 0EST (Table 8) and that made at Tucker-

". nuck at 1337 EST (Table 9) both show very weak
winds, with the shift from a southerly to a

, - northerly component of flow taking p)lace in the

,M Nantuc4et rrdionde observanor, 1 ESTvicinity of I km, The Nantucket wind first
August 14, 195C (Case 4), Curve marked T is tern- backed then veered with height becoming north-
perature; that marked Tt p is dew-point ternprature, westerly, while the Tuckernuck wind backed be-
The curve marked P-H is the presure-height curve,
The figures to the righto' the temperatvre curve are coming northeasterly, the difference perhaps being
mixing rafi05 in gm/kg, The radio-wind ob.;,rva- attributable to a sea-breeze effect (causing outflow
tions made at the .ame time are entered at the

appropriate pressures at the extreme right, at several hundred meters from the largest part

rI
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the 14 airlan soCdMg whic werell fmade lter, accmuaton show rd Hk nde bt the Tsoundings ;;Anth
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lfOOIOURV&TION 5
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Fio. zo, A poi~tely nomh..south mwos setion cnstructed from the airp~ne soundiflP IJIS-1425 Esr,
August I15 (Cro M 4) xhowing Lsoptlet of potenttial temperature and turbulence index. The notution and
units ae t a.e 9UMas for the previous cros C stands fo potentilley cool air and W for potentiall warm.
"R stands for relatively rough air S for relatively smooth. The clouds are rot dmwn in to scale, nor are they

located exactly, but mere;y sketched to indicate the -hape and vertIcal extent of the largw ones.
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1.._0 , . ., ,,. -. --

w

40-

Z 3j .4- ; ( O ' -- 5ý r 7 - 'D 7 • I ! 3. 14 , ;5 ;;•- i7 IS, 19 20•

21m ., AIpproximatelly north-wouth cr.oss section consrnucted ,From the same xo,4ndlngsasi~g, 14,h but shocwing
trnpeftvirtr (solid lines, degrtees cenrigrade) .w.d rixdng, r ,do (dashed lines gm/kgý, M• stands t'or r?,Iatively

no-st air, D for r-elatively d:ry air,- -.-....-. ." " • - " , • , . .. . . . ". -i': ,- ,/'.



OBSERVATIONAL STUDIES OF THE AIR FLOW OVER NANTUCKET ISLAND SUMMER OF 1950 2S

Pic, 2. AfA&Il photograph of last remnaut of Nantucket 1.o~4430 EI. P~htovpnpI taken from nortli of
Wand Oust insle Great Point) ng souzt

A slight weakening of convective activity dur- clouds exceeded the swelling cumulus stage, and
ing the hour between:the horizontal runs and the by 1445 EST had almost disappeared.
soundings is apparent, as evidenced by a stabilize.- Fortunately on this day, some qualitative

oof the lapse rate over the island, ad e observations of the sea-breeze circulation weretioof tavailable. At about iooo PsT, the wind on both
diminished values of turbulence index. By the the south and north shores of Nantucket was from
time of the last sounding, begun at 1410 ESTf'the the south, but stronger on the south shore. At
airplane observer recorded the decay and disap- i2iS, the plane observer recorded calm conditions
pearance of all but the larger clouds actuially over on the north side. At 1500 EST, inflow toward
the island (see Figure iZo.-. While anvils were ob- the island center was occurring on both north and

south sides, as noted by flow of smoke. Also, co-served forming over Marthaz Vineyard at noon, incident with the decay of the cloud streets, a
and thunderstorms took place over the mainland light inflow on the eastern shore was noted by the
during the afternoon, none of the Nantucket airplane observer,
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.TABILE 8 -- CASE 4 CASE 4 - AuarnT 14, 1950

PLOTr BA LLOOK ONSERVA(TOet AT INAX 0 Crr. EOeNgNb I
Avors 14,195 Ove r watey,, 1.a 20.1, upwind of windwa~d Aore 3t 15-1 3oo Esr

(Mtes) fom M)mnI (mg PUefoml 5)• PoIn- / tC Ine

0 130 3.6 :o:5 10 Ui 3.8 =..S 6 293.0 7
3.1 3.0 vaI 62 D 10.5 11-4 293.0
1 .3 1 1004 126 U 20.0 12,5 293.'0 5

915 230 0'9 0.3
I= 9,3 -1.9 Jos88 D 19,7 1,6 293,1 2

I15 320 3.1 -2,9 99 250 U 194 9.6 294-0 2
,130 330 3,6 -3 S 983 313 D 19,6 7.8 294- 3

113S 34W 4.0 -4.0 976 376 U 19.3 6.6 194,9 1
1440 340 49 -9 969 48 D :838 6,7 W9
274S 340 $4 Sol'9i 0 U 1B.3 6.4 29.
305o 340 i0 :0.7 95 $63 D 17.7 6,2 295.0 2

941 62S U 17.3 6-4 195.3 1
TABLE 9 CASE 4941 69c D 17.0 6,2 195.5 1

PILOT BALLOON 2 OSY1VAT-ON A? Tvox. u &vLa x 934 7 " U 16.2 6.6 295.2 1
t337 UT 927 Srj D 15.6 6.7 295,1 2

Au'arr 14, 195o 920 870 U 15.1 6,6 295.1 2

M064Compoumt Als 914 935 D 1 4.6 6.; 295.0 2
from• ( • •p ,(' 907 1o0 00 24.2 6.6 295.3 2(Moe) gm 0c65 D 13.7 6-5 29-

S16.I 817 190 D 13.3 j.6 W96.4 1

414 75 1.2 0 Sol 1255 U 12.7 4.9 2964 2
11$ 3,8 .2iI U ouem np vid " of hel, D downind ide. got g113L kw aamidiag to enztiq routine doaibed i SeUon 11 A,

771.30 1.1 1. - iie o o , o BIu ~1a
S123 O's -U,6
890 01.4 -1.1

921 2.0 -.
09 2. -3 CASE 4,-- AuoUST 14, 195o10 t 2,2 ,

1 5 is 4X0 -3.4 So2xrro
1350 13 3,4 -2.9 Over Nantucket, o.6 km dowwind of windward beach

-1.0 ES! 3o -. -- T A 1330-13o I
T20 29 4.0 -%-7 *Teper- PowmtWal Y-ur.i ---

24 3.0 -1.2 PTMMIr~ e ih air T tvco03. -, mb M •' Index
053.6 -3.3

1890 303 40 -3.9 1015 31 U" 20.9 13.0 293.0 17
200 34 4.1 -4.1 :008 95 D 2c,7 12.5 293,2 16

1001 135 U 203 10.7 293.5 13
TAILE 10 CAsE 4 993 22o D 20.: So 294.0 1

S.ITACE OII0RIVATIONS AT TucKz&tSVK ISLAND 9&6 -80 U 20.3 7.0 294.9 3
Auousr 14, 1950 979 34s€ D 19.7 7,: 294.8 2

1 IMbOek 971 405 U 19.3 6.7 195.0 2

wIsrotn; Spend 965 ,70D ig.6 73 29-.0 2

0950 204 18.4 2 0.7 3/10 cu 958 430 U 17.9 7.0 19.0,
1045 211, 19.2 I9g o0, 3/10 cu 9'1 ; D 14 2 29,0

145 2 =10o , 210 0.3 3/10 u7.4 ,
. 2 9,6 210 0,3 4/10 • 944 17U : 671 195.5 2

14c0 21.4 19.6 I9o 1,0 2/,10 cu 937 72 D 164 7.0 295.1 2
1445 11,9 19.5 Ig 0.8 1/10 cu 930 785 U 16,t 6.8 295.5

Water temnperature (south beach) : i6VC 92-4 85o D 15.5 7.%3 29',3 1

917 910 U 1s5l 7.1 295.4 2
TABLk-I I - CASE 4 910 975 D 14.8 7,3 .95.8 2

HOURLY INAOLATION RAT9 AT WOODS HOLE, AUOUST 14, I9.C 904 1040 .U 14.7 6.8 296,2 3
AS MEASURE0 BY PYILHELLOMPTEpt 900 1080 D 14.1 6., 295,0 3

Instion Ir+,#on 897 11c0 D 14.1 6. 296.2 3
Time (za-) ,m cal,'eml hour) Timer. (rr) (gnm el/cmi hour) ,9C U ., 6.1 19.,.4 3
0 c -x 6c,• i i 'c--1300 "317 g 6sU,.5 62 '2 .
: 00-.o- c 76,11 1 -1-0 70,.13 984 12;5 D 13.1 6.1 296.5 3

8n 77 129C U 126 6.1 "g-.7 2

Lowerecd due to p.IML~O o! tarle r-Lor v.'nu~crnirbTc 1ud. 6own asordýnjins loe-t rnutine dmcbhýd in ge.-tton 11A.
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CASE 4, -AUGUST 14, 1950 tucket. The wind sheared rapidly in the lowest

Souw•N0 3 6oo rn from 220o to 2•ao. Above this level there
Over water, 8.,3 km downwind of windward beach was little wind shear, Inolation reached a maxi.

I ,50-.1c,, 8rr mum of 1.6 gin cal/crn- min-'.
PTee-. , z ote• r-b. According to the mornmg radiosonde observa.

nib a•,= ' l k•7 g TF. k tion (Figure 23), the lowest 3-4 km of the atmos-
IO1( 31 U 22.o io.8 294.1 12
loot 9S 21.8 10. 294ýS 8 V?1.i~i e
1001 1r CS 21.2 10.5 294. 7 W7* V e W W -

2k2O 20.9 To 1 294.S 1 2 .. r

2084 10,2 294,9 4ý
979 345 20.1 9 ,S ,=

47 1:, 9:2 29340 12
9S . 3oU 1.o0 9,6 295.0 7
951 1COD 94f 29. 10 m

944 66o U 170 , 25

937 7*0 16.S 5.6 9S.42e S

930 j8 1,3 9-4 29,(-0

924 So .z 6.37- 296.5
915 0 15.7 6. 296.1

9f f 973_) 11 11 3 me ham

be~.aa o met~a dwlbela .qtm I A.Auujust I, I• .•O Curve marked T is tenlperature1
•atmared • hdew-.ont temnperature. TheCASE 4-0AUUST 14, 1950 pressure-height curve. The

7 1to th Ii-MCI*" the ftemperatur uvea i-

"roUY d Fn ra. 2j, 'Nantucke. th radloxervadwind observaowios

Over water, 14.2 km downwind of windward beach made at the same time are entered at the appropriate
1410-142• EIT pi, ress at the for right

- Tewpdx-o~ PoitaI Tubo
__ - aICgu •/k•phere was stratified into four disnIC layer- The-
Io01 31 U 21.7 1n. 294.0 4 lowest 4.00 m had a lapse rate of o.27*C/Ioo In,
loot 9 D 21.5 1.9 294,1. 3 the result of the cool waters. The next 23o0 m
loci 155U 20.9 11.9 294.1 3

220 D ,10.5 12.3 294.5 2 was less stable (o.8o 0C/xoo m) and presumably
9 SO0U 20.0 11.9 294j:9N U 9.6 ' ,4 2 represents the remnant of a previously well-mixed979 345 D i •.6 11.4. '94

972 405 U 194 10.7 295.0 2 ground layer. Overlying this layer is a dry
96 4,7o D i' j,3 -'95. 5 stratum inversion (see Willert, 1935) with a lapse

So-o.r 0c/, o netlayer, h
951 0ic D 18. 8. 1 rate of -. Ciom. The nex~t laethe660 U 77.6 ' base of the free atmosphere, has a lapse rate, of937 •8 k
930 U 5 1, 7,3 2960 4 o.053'C/xoo m. The soundings taken at 1200 EST
924 8m D l 6C , ' 9 ,9 2 (Figures 24 and 25), show that little change oc-
917 g10 U 1 ;,6 ..

910 97. D I5,2 7,2 296.1 2 curred in the lapse rate. A value of o.oi 0 C/ioo m
904 1 04 U 146 �0 296,0 3 was found over the water while a value of

3 io 296.4 39i;6 D 8:5 6.U A,5 3 o.74 C/Ixoo m persisted in the air above the land,
874 122 D 1,7 6, 2 0-9,1 5 exclusive of the very surface air. Later at 1325
877 12o U 72.7 6,c 296.,' 1

SU 0 " i pw Md of &eFx, D dgwo'lnd Rlde. 8dund EST (Figures 26 and 27), a marked change in the
m, dg • o naetng rnutie dcribod in Secton 1 A. character of the air flow over the island was noted

and the lapse rate over the island varied from
D, Case 5 - August 15, 1950, in which there is an I.o"C/fo rm to z.50oCfloo m, This change in

alternation between the formation and stability occurred simultaneously with the forma-
non-formation of cumulus clouds, tion of small cumulus clouds and a chaotic ap-

A high-pressure cell east of Nantucket caused pearance of the cross sections.
the air to blow from the southwest over the cooler The outstanding feature of the flov over the
waters around Block Island before reaching Nan- island on this day was the aiternation between the

'I'
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production and the non-production of cumulus 350 m of air over the island. This allowed con-
clouds. Cumuli were present over the island until vective processes to carry moist, slightly warmed
I= EST, They then disappeared until, at air to the level of lifting condensation, It appears
1330 EST a few small cumulus with limited verti- that a certain amount of "overshooting" of the air
cal development were produced. The four air- is required to reach the condensation level,
plane soundings were made while the skies were The instability resulted from a combination of
clear. The horizontal runs were made while the the warming of the air upwind from the island,
small cumuli were present. The entirely different decreasing the lapse rate to o033'C/ic0 m, and of
patterns of the two situations is most striking, the higher temperatures of the solar-heated land,
In the case with no clouds, both the potential Figure 28 is a photograph of the small cumulus
temperature and the mixing ratio lines indicate a forming over the leeward shore of the island,
smooth flow of air over the island. In the cloud Their small vertical development and localization
case, it is obvious that convective eddies are pres. are apparent.
ent and are asociated with the cloud formation, In searching for an explanation of the observed
No exact interpretation of the cross section can decrease in the stability of the air, it was noted

* be made in terms of particular eddies as the hori. that the air temperature both at the station on
zontal runs are not simultanenus. Tuckernuck and upwind from Nantucket in-

The outbreak of the cumulus clouds after creased by 2' to 3*C at the time of reappearance
1300 EST can be explained as the result of a of the clouds over Nantucket, The sea tempera-
change from stability to instability of the lowest ture, however, increa"d by only o.8C. Two

;9

Fic. -.3, Phoroj-raph of small cumnulu3q clouds forming, over leeward shcre of island, 140 EST, A,ýgust gcPrior to i33a, ro clo,.ds were formed,
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reasons for this sudden heating of the air have TABLE 12 - CAsE 5
been considered, One is the usual warming and TUCKEXNUL:C SAFACE OS1IRVAT1ONI ALoUsr i., i95o

drying of air associated with the clockwise shear windDry-bulb We-%bu;ýb DL~ire cn f

of the wind at the rear of a high. The other po.- Temper- Tt1w-n. IdWinm d Te,

sibility is that solar.heated air arrived over & ' f.r N-) m/,•
100 1.0o 19.6 Io 0.8 ,112Tuckernuck and Nantucket, The Vineyard was 1110 21.1 19.7 210 1.!

upwind from Nantucket as far as the wind above 1= 23.1 10, 210 0.7
I= n m after 1300 EsT was concerned and heat 1300 23.2 :o6. 230 Lo

1400 12.7 =o8 230 1.0 22,C
could easily diffuse downward into the layer mov-
ing from 22o". The turbulence of the air upwind
of Nantucket increased with the reappearance of TABLE iJ - CAsE 5
the clouds. This observation supports the con- NATUC•C•T PiLOT B.ALLOOO. OAVA-nCv•1n

Avuuusr TS, iq5o
clusion that Marthas Vineyard influen.zed the air
over Nantucket and also substantiates the hy. Direction Dirwtlon

Heiht ,de1 cloek- V¢•cetf dra dock. Vpothesis that heat diffused downward, by proving rn N m "r-- wie fmm Nc) .=

that the ability of the air to transport properties 0 2.30 4.1 2s0 3,• 305 2= • 3 ,1 2ý0r q.6
actually did increase. 61o 2.C 2.3 26C 8.2

A comparison of the pilot balloon observations 91 6 0so 2.3 2.66 6.8
taken at IXC EST over Nantucket, at 1243 EST 1525 2.0 5.5 270 6.4

over Tuckernuck, and at '2.20 £5T over Nan. I830 t.90 5.5 300 6,4

tucket, shows that the wind above I.o m shifted
from 2500 to 25o'--26o* for several hours and then TABLE 14 - CAsE 5

returned to 270O-3oO. This temporary shift was TL*NEx.1cx PjioT BALLOON OBSEIVATriNs

sufficient to bring in air aloft that had not previ- Auous-r 15, 1•9. 12.43 r

ously passed over the Vineyard arid had not had Dirsv-tioftHeight m ,(dtg"mmclo-ck w mef ra m N Vejoemity' n/wc,

its stability reduced, The same wind shifts were -4 -23 6. 1
lg230 .0observed at the surface on Tuckernuck Island at 21 232 8

about the times of disappearance and reappear- 315 1206o
414 220 6.3

ance of the clouds over Nantucket, 113 2=2
The theoretical studies of the air flow over an 712 .2 &7

7 U' 2.43(.
island have demonstrated that a necessary con- 2o[ .43 ,0

dition for the produLtion of downwind cumuli is a 2.43
2T43

rapid change with height in either the stability or 2,4

the wind speed of the free air upwind of the island. 1350

It is unlikely, however, that these properties of 274 0,2

the undisturbed, relatively high-level air stream 22o 850
1710 2i

would fluctuate with time suficiently to cause the 1800 :"2 6.o
observed alternation between the production and 1890 268 7.

non-production of cumulus, It appears more TABLE 15- CASE 5
plausible to related this to changes in the mixed Woom HOLE IS50LATION, AU0UST 1(, 1950
ground layer which is often very sensitive to wind .s,.0i
shifts of the type noted (see Stern and Malkus, Hour (tv) :c ca,/co', Eol: Bo.,,r c) lm ell/em' hour)

a6oo--c0 iS.1 1:00-1300 90.0
i952)'I D7o-<00c 40.1 1300--1400 .6.2

0 8> - 900 59,1 140r--I ZOO 71",SAir FRow over a heated Mand (11. Wo,,di Hokl - 9z- 0o -6,-, i00o- 61 ; c I
OceanograpA,ýc Instit-t~on, ReFerencc No, 52-27. Man',:script 1c--i too 8.: 16001700 29,0
rcpcrt to ORce of Naval Research, 195:. I iOO-UO 96,

1l_
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CASE 5• Auousr 15, 1gso CASE 5 - AuGUST IS, 1950

SoUt oIO So,,woNO 3

Over water, 4 km upw~td 1208-1219 Err Over water, 8 km downwind of windward shore 1235-1 •48 MST

,e g h T im7 P r € . = x , 9 = o H e 3 o S W , T fm,

1018 8. 20.1 12.9 292.0 1 ll IS i24 11 94-

1017 is =1 13.0 292 2 11 13 224 11,2 194.

0201 13. 2921 2 10 22,2 11.4 294.5 4.

l 1.I 114 297 7
1012 0 2 c.7, 13.0 293.0 4loo 94 2.

9 5 0,7 7. 211. 1.92 294.6 106

100.4 16 20.5 10.2 295 1 1004 12 21 1. :9+46

09.5 293 , 1001 11 21.4 11.7 294

997 2 0.2 9.9 293.9 I 997 1~ 9 11,0 1112 29+0.

993 120 203 9,7 294.1 993 220 20.1 1 .0 294.6 8

S200.9 294.1 2 W.6 108 294.8 S
2 c3294098.oW3 10.0 29.4.9 4.

83 313 20.1 8.o 195.0 1 8 313i 1031 94 195.0 3

C7SE345 19.7 7.7 194,9 - 983 3 20.4 9.7 195.1

S972 401 19.7 7 '295.4 I 9*8 328 2W.1 7 291

9 19.4 8.l 1953 1 9 10.2 , 7. 95.

SI96 470 9.2 7.0 29. I P~ 3' 19.9 8.5 295,2 5
001178 2 99 1'' 97 39 ifl 8.2 195:

62 S01 Is I 
8.1

958 S3 18,6 7,5 195. 97 40' . 9

9S51 18,2 7.4 295.7 I 4 .1 19.9 7.1 21

M2 1965 470 19.8 ý1

7.l 3 7- 2 295.8 06i S6 -- 19.4 7 46.1
944 19. 15 r 1

937 620 7t -, 2 20 t re 18-7 7 W4T

CoSe 7 S - -2 AUS 65, r95 e 7.5 26 .l1

zO~ 40 1, 1=8 3, nt t~a ~ 9307 701 7 •, .13, 20-, 1

930 715 17.3 7.4. 196.8

Ov.er Am
3 mmir %=A2d~d hr~-133ý2z-' - - ASE --- AuaUST-9,iq5n-- - -- -

Temper. Potentia TuSrbuNO

Prloemi Hdg ,4t attre Tafl i?' IreOe 4
tnb m Ic m/kg Nrwtr12kdonidowidadsoei5-ioES

1017 16 21.1 13.7 :93.2 not readable to 1k dw ,d o w do 5 3

1015 1 21.1 13.4 293., 1 ot readabL- w h *o Trwh94- =,n B8 T.

1014 40 11.5 13.9 293,8 not readable mb = £94,.

1012 50 211, 1 II 193.7 no rei A at~ 1017 1s 2.2.1 13.9 19.41 5

1012 62 21.4 12.8 :9.4.o not ead* ble 10 31 22.0 13.2 290.

1008 9, 11.21 6 294.0 not readable 1012 62 :T.6 13.0 29.4-2 6

1004 128 2c.6 10.9 293.7 not readable 1008 95 21.3 12,8 29,0. 3

1020s( ,o6 10.2 193.9 no edbe i o 110 21.4 12.0 194.5 5

101 15 oradbe 1004 !26 21.5 11.5 29.4.5 2

997 18i 10.4 10.1 t94.1 3 1001 1 21.5 2947 3

993 220 20.2 10.3 294.4 3 997 21-.4 1o, 295.0 2

990 250 20.4 9.5 2. 94.5 3 99 220 21.3 1 o.8 295.1 3

(9 28 1052.g 94.6 1 9o 250 21.0 1c.6 295.1 4
986 2I M0, 87 2.1 1g L 3 2-09 10.3 295.2 2

983 313 20.4 7.6 295.1 1 986 2 10.9 10.0 29S.3 2

979 345 20.1 8,0 295.2 1 983 313 20-7 94 295.5

976 376 19,8 8.0 294.1 979 34" =.9 7.7 90.1 2

972 405 19.7 7.8 295.1 1 976 376 2 .7 7.9 296.2 327 404 2-^,7 
7, 

296'-3

9 438 19., 7., 29 ". 4 9  4.3 2,2 .,0 29'6, 2

' 965 470 19.4 7" 295.6 65 470 =2,2 7.8 296.6 2

962 01 19.3 7.6 :96, 1 62 0 , 7- :96:.

S94 58 0 19.7 7., :96.0 1 9'3 , 7 297,o I

955 56 12,6 7.2 25.8 95; L13 19. ý296.6 I

951 6 1.4 72 296.0 1 951 80 19.2 . 2 96

948 62. 12.1 7." -96.0 1 948 6:2 io; 7.2

944 26 79 -. 96.2 1 944 660 7., 6 297.0 1
6 937 720 L', 2 -1:97-1

941 6go 73 .2 27.7
931 1 0:9.ý18l297.2 1937 7z° •7'-• %J :96'5935 734. • t •, 9'

934 7(C 18,1 7.2 :96.S 934 7-S 17.1 7,-3 297-1

90 7 5 16. 7.6 -.,96., 93' 720 17. ^297,.

i,~
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E. Case 6- August 25, 195o, in which a fog the island causing a dry adiabatic lapse rate in
bank dissipated over the island, the lowest 300 m, Both the upwind sounding and

On this day a fog bank lying off the eastern Nantucket radiosonde showed extreme stratifica.

short of Nantucket moved over the island, lifted tion of the water vapor content of the air.

into fracto-cumulus clouds and then dissipated, The solar heating was intense as there were
The fog bank developed in an air mass that had only a few middle or high clouds in the area, A
moved from the continent out over the cooler maximum insolation rate of i.5 cal cnl-' min- was

"waters of the ocean, stagnated in the center of a measured at Woods Hole in the hour from I ioo to
high, and had been returned to Nantucket by the 1200 EST. The accompanying map, Figure 30,
low-level easterly winds in the southern portion of
the high cell. r y e n coo '

The wind sheared rapiely, becoming westerly .
at upper levels, The 1500 EST Nantucket pilot I-
balloon observation gave a wind at 300 m of A I, I

4.6 mps from 600, veering to 2,1 mps from .2io o* ,A"
ati no , with an increasing westerly component IdANT

aloft. The airplane sounding made 2km upwind I A "
of the isla-sd at 1138 EST (see Figure I for location)
clearly revealed the past history of the air, In i : 0, 1if
the first i10 m, there was a lapse rate of o,60C/ioo

indicating heating of the air from below, even $

before it reached the island) by the increasingly Fic. 3o. Map of Nantucket Island s~howing the ex-
warm waters (see Figure I). From Ico-5oo m, a tent of the fu bank at three different times on the
strong inversion of 2.5C remained from the previ. aftemoon of August 23, I15o,
ous cooling of the air. 'From 50c-660 m a lapse s
of x.S*C occurred and from 66o-75o an inversion shows the variations in the limits of the fog bank

... - ~-0  --Abo. -th•t -.... t.a.-.....of 12 .. , -and small ragged cumulus that formed just at its
o.5*C/ioo m prevailed up to 3 km in the air that edges I pparentTf0r-the r -thatthe warm
had reached the region from a southwesterly w~ater of Nantucket Sound as well as the heated
direction, TheNantucket radiosonde, reproduced island are effective in lifting the fog. The water
in Figure 29, revealed the same general air struc- temperature in the Sound is at least 4*C warmer
ture, with additional heating from below due to than in the Gulf of Maine where the fog was

developed.
The cross sections of potential temperatures,

_- , turbulence index and mixing ratio constructed
from the spiral soundings made between 1138-

, N-, ,, ! 1303 EST are shown in Figures 3i and 32• Figures
33 and 34 show similar cross sections constructed
,- rom the horizontal traverses made between

I, 1315-1340 EST. A study of these sections shows
. that the most important effect upon the air of the

heating by the island was the substantial de-
struction of the stratification which had previ-

.' ,, ,,ously been created and maintained by strong
S . ,, stability and rapid wind shearing,

--- ,,A" . ,. The rather slow ( ,-4 mps) passage of the
Fo., 29, Nantucket radiosonde observation 1= EST, air across the island permitted the buiiding up of
August 2C, 9o. Curee marked T is temperature; a mixed ground layer to heights of about Soo m or
that marked TD, is dew-paint temperature. Curvemarked P-H is pressu--height zurv,._ The f4urm to higher, Figure 3T shows the high extent of the
the right of the temperature curve re mixing ratios roughened air and Figure 32 clearly reveals the
in gm/kg, The radio-wind cbservations are etred g of the re tr c
at the appropriate presurcs at the extreme right. destruction by mixing of the moisture strarifiea.

S.. . . .. .. . . . .".
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tion between the first and third soundings, The TABLE 16--CASE 6
dissipation of the. fug i theremlre' caused by a conn. NANTUCKXET PILOT BALLOON O089,SKYATIO•s, Auvrus :5, i9Jo

bined effect of lowering the relative humidity by Heiht Dir-• on V~oý;ty
the added heat and by mixing the air of the lowest to (derete &ýew-w frorm N mpg

"drv wafer" into the moist bottom air, The very.s es 06'4-

915 110

1~15 10 2,1
W 0 30 1.7

~ - TABLE 17 -CASE 6
Vic " " Woo HO INSOLA.io,, Auou,.r 15, 1950

FRO, 33, Crow section made from horizonta. airplane , :1.1 1 JOO- 1400 4,-
runs made betwen 131-1340 EsT, August 2 1950, 26,1
prtentirig pottntial tempertnre ad tur7enc1 1 -

CASE 6 - AL'0UST 25, 1950
SOUNDING I

Over witer, 2 km. upwind or windwa-rd shore I 38-15I8 Bur

Temnpr. MxLz Potentdol Tuhrbu.to rslM Heisht Atum IR11Itv TT., lece•
m b m gm/kit

1021 8 18.0 1.
clic 76 .8.1 , "N

L4 .c 1 :3 18,-0 , 0 ,. 8
. .4 I 1 0 i 4t to to us 14 10a10 31 17.9 ioD.8 29.go a

10ACKIAT 17 39 17.9 10C9 19.9CC
Fio. "r. Crosecsion made From horizontal airplane c16 47 17,9 1.9 290.0 8

re 1.0 ... ._ 19c._un , pm e~ ntng mni ing ratios in gmnlkg, A ugust '2.( " 1x 117 . ,.0 ,9.0 8

105 .6 10.9 190.0 -8
I ;.1013 74 17.5 10 290.0

small fracto-cumulus which were observed at the ]C01 110 17.4 10.8 ,90.1 3;O07/ 12ý 17.5 10.8 290.3 2
forward edges of the fog bank are evidence of the 004 14 1 17.j 10.6 190.6 i

Ico 198 17.5 10.3 291.1
eddying process. By the time of the horizontal 110 17.3 12 -91.0 1
runs (Figures 33 and 34), the effect of the island 210 1.7.4 91.0' 1

W • 2: 7.4 8.1 291.,
is somewhat weakened, although the spreading of 994 234 1,.1 6.s 291.:

s21 o :S(0 (.9 292.3 1
the moisture by mixing is still striking in Figure 34, 49 292 1:,8 ;.9 2-93.1 1

984 313 19.1 6.c 293.9As the insolation declined, and with it the mixed 982 4 19.2 4.4 294.1 1

ground layer, the fog bank gradually covered the 719.3 3,4 :94.6 1
"975 43. 913 2.2 -94,9 1

entire island. By I530 E-ST it had formed a low 972 438 19.3 3.0 29.C0
68 470 19.5 1, 295.6

strato-cumulus overcast. 9.5 501 19.2 1.5 19o.2

Although this case is of little value in compari- 958 ý 3 19, 3 296.; ,
son with the theoretical model, since the air fow 929.;

was along the long dimension of the island, the 947 6,; i8s. 7.8 :96.1
94.4 6-9 18. 4.7 -.96.8 1

wind sheared rapidly, and the initial air stream 940 720 18.8 2. 297.4 1was so highly stratified, it is nevertheles:; of inter. 9h9 7 9.3 U933 ' 913'4 . 2.2 298.! 1
est to observe the effects of heating from below in 920 84i 18.7 5.3 129.9 1

such a different situation and the part played by 923 97 18,2 297.4 1
9:.o 99. S.1 ',7 98,4 2

the mixed ground layer in the dissipation of a fog 917 940 I8.1 .c . 9S.3 2
913 97- 18.c S9. ^298.9 1bank.. 91C I7 7.7 199,0
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CASE 6 - AuoUST 2S, 1950 SOdx¶No 3 (cominu•d•
Temp.- MlWn. Potettil Turbu.

S 0 3 ramurt Height a o Ratio Temn. lenee
Over island, 5km downwind of windward shore 12o6--111o rST nb m gm/k& K Indas

Tewpor. 1ML1i Patea1a Tubu 968 470 18.5 3.8 :94,6 2
Prwun liciht ai~r Hat'&i Tn 1"M 965 S01 18.5 3 5 19S.0 3

nmb gm/kg ndez 961 ,32 18.8 2.3 395.6 3
1016 47 18.7 11-1 290.9 10 958 563 18.8 6.7 195.8 3

951 62c 18.3 8.3 :96.o0
le1 • 1, 11.3 9, 954 595 i8.• 7,7 196-0 1

1013 7 18.1 211 90.5 11
9 1011 9-4 179 10.8 29L,4 to 947 658 18,1 8.6 196.3 1

1010 110 1112 10.7 19 1.0 10 94.4 690 8. 88 26.
1007 112 17,7 11,1 190.5 9 40 720 18.1 8.4 296.7
1005 140 17.4 11,1 2903 937 751 18.0 8.4 297.0
1004 1 56 17.1 10.4 a90.-2 8 933 784~ 18.0 8,4 2.97.1 1
1004 1 16 !.2 10.4 291.4 9,0 815 17,9 8.3 297.4 1
low I5 17.S5 IOS 391.0 1 92 4 77 , 9.
•98 igS - , w.,8 W90,6 10 927 845 17.7 8.7 197.64
96 9 98 1873 74. 298,6

96 210 iA.9  9 9. 917 9W 18.2 7.5 298.6 1

1720 5 1.3 291.:4 910 1 co 18.1 6.7 299.2 I

91 31 A 5 292go 1100 17.6 7.4 299.5 I

982181 Z.9 293.5 2
979 37 9.0 4.1 2942 CASE 6 - AuGUST 25, 1950
975 406 19.2 3.1 9+48 1

9 6 ol 1 9.7 I.5 296.1 I Over wzer, :9 km downwind of windw"rd &hore 1246--i33 ir
29, Sp , a 2.1 296.S I

958 50.3 11.1 S.3 296.3 1 Temper. Nixia Potetial Tutrnu.
*95* I L2961Height~ atire Ratioa Tamp. n

95 2 8.4 1 9. M1M * gM/kg rU
-945 63 lBi' 8.8 296.2 1 1021 a 19,6 11.4 291.0 not readAble
949 673 18.1 S. C 296.2 1 1010 16 19.6 11.2 291.1 not readable

690 8".z 6.ý 2196.5 -1018 31 19.7 10.9 295 not readabAe
940 720 '19,0 2.j 297.5 1 1016 4.7 19.4 11,1 291.5 not readable
. . .937 7 6' -A S 2 , 9.0 9 10 22 63 19,2 11.4 2919 not readable933 64 1, a . -1 -97,5 o• -- --

.,92.3 87G 8.4 8,0: , 98,J 1 loll 94, 19,I 10.9 19 .

•i917 940 18, 1009B7 • o7 12S 1 e.8 11.0 2,97 4,

Iw o 189 183 10.9 291.1 4,

SC xs p 6 -- A UO UST 2 5, 19.5 0 99 22o 19,2 10,4 291 .9 4,

993 1 50 17.6 ,0.6 291.7 5
SOU~ND1NO 3 989 383 17.5 10.8 '191.8

Over water, 19 km downwind of windward shore 1227-1-24,o E i 984 3 13 i7.3 10.O :92.1 5

(not plotted on Figures 31 and 33 since ascent n-ot made on a 983 344 17.3 104 :93.: 4

conrtinuous line with other 979 376 17.0 10.4 292.2 3
9n77 391 r6.9 1•.8 292.3 2

Tema-. M•nlg Potfttl Turbu- 4c, i B. S 2
P~mue Height ature Ralo Tem . lee 9 4 8 4.6 294.-1

mb m Ic gm/kg Indi 973 411 17.0 10.4 292.8 I

o010 :6 19,6 i,6 291.4 971 438 18.2 6.8 294.0 1
.i,6 1970 453 18.9

1016 47 19. 10,, 291.3 . 8 68 470 19,3 7.8 295.5 1l{' ots 6j 13,1 I 1•8 291,4 7 9,61 53 19.1 7,7 295.9 !

1013h7 1,8 6o. 2912 a
12,1 94 1 8'7 10.9 '9. 1 6 8 -,96.9100 12 86 :- 91,c 6 94 60 1- -

D04 18,4 101 -,91,6 6 937 751 1876 8.1 ^97-3 0
00C) 198 IS,4 10.,7 1 191-7 3 9jC It, 18,4 8.2 -;7,8 1
996 2-1• is". 9,1 :9 •,,0 3 923 976 18.4 7.9 298.4 I

99 9.11 6.9 293.2 3 913 970 1.E4 7.2 A99.1 I

9 1 9.0 293. 2 910 lox 18.5 3,9 :99.5 1
986 297 1S.8 9.1 294.1 2 07 1C32 18.5 J., 299.7 1
984• 31 J 1. c 93,1 3 1w06 18.4 3.1 30,4 1
983 j2 1 . . 29j't 83 1. 2.7 30-1.12

9s . 4 9 * 893 !'6 18. 2.8 301.1 3

9798 ,4 294.0 ^ .4
9- 4-6 1.7 4.0 ^94.0 . 8-- I'1i 17,0 4.1 301.3

497 •38 18.6 3.9 294.5 . 867 1410 16.3 1.7 501.5

I I
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F, Case 7-- August 28, i950, in which Very Small •• .. ,.: • . , , -

cumu/lus clOUd were formed, • 
•

The synoptic chart on this d-y shlowed a p-olar

fronit north of the region, cuttinig east-ward across /,,w

the Great Lakes and extending northeastward into

a strong low.prtesure center between Labrador -,

western portion of a high-pressure cell, The air , f ,., "

reacind G Nanduce The hantd ar ws m ine te

over cooler water, commencing as it left the Dela-

ware shore, The sky was somewhat hazy with

fine weather cumulus over the Cape and Vineyard - AT A t.

appearing at about 0855 EST, Fi, 3S., Naritucket rad:osone obsevationarco xse,

The airplane sounding made at 12C.0 -ST up- Au~ist 1 10, Curve m.arked T is temperatur;

tnat fsrked T is dew-point temperare., Curve
wind of the isld showed an inversion of about - ve, The 4urers

1'C from the surface to i5o m, a lapse rate of to the rivht of the temperature curve are t.he mixing
ratos n rn/qýThe radio-wind observatkitu made

o,6 5 *C/ico m from ixo-66o m, another sharp in- at-t e tme are ertered at the appropriate

version of 2,iC between 66c and 785 rn and above pressures at the extreme righ.

1400

1O00 ASI-THWE"120C 

303

100

W ooPO 
30•

Z 60 9 

2117

500

400 
- - -,~ ----300 

-
... 

--- --'. ....
its

194l to'"• i4,

-4 .I' 0 4 6 a (4• •q

DISTANCE, KILOMETERS

Fia. 36. Cros3 seiaon constrctre f•rm air,1anc soundirgs between i.zo "-13,-o Esr, August :8, ig9o, showing

potently! temperaturc in turbhdenoe index.
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Pic. 37. Crom section ccnstructed from airplane roundinS, August 21, 1950, Mixin ratio given in ipn/kg.

that a lapse rate of o. 4 8*C/ioo m up to the top were not photographed until i3ro, by which time
of the sounding at x:om. The Nantucket radio- they hid lost some of their !enticular form.-
sonde for the 28th was not available, but that for Figure 38 shows one of these streets stretching out
2200 EST of the 27th is reproduced in Figure 35, to lee of the northeast shore of the island, with
The Nantucket pilot balloon observation (Table the fog bank off the southeast shore in the back.
if) showed a southwesterly wind which turned ground. The cumulus base was obaerved to be at
little with elevation, being 3,7 maps from 230o at about 6oo m, Since the soundings showed a sharp
the surface and 4.3 mps from 24o0 at I83o m, inversion based at 66o m, a positive area of only

The solar heating of Nantucket was diminished 6o m vertical extent was available for their
slightly by a small amount of high cloudiness and growth, It is significant to note that on this day
attained the maximum value of 1,5 cal cm-1 of rather smooth flow over the island, and only a
min-'. The most interesting feature of this day's small region of conditional instability, the cloud
observations were the cloud formations, All day forms closely resembled the common type ob-
long a fog bank maintained itself off the southeast served in waves to the lee of mountains,

shore of the island. This began to move in over Figures 36 and 37 show, cross sections con.
the airport at 1330 EST, forcing the curtailment of structed from the four airplane soundings, The
the observations, Apparently quite indepen- inversion based at 66o m is particularly noticeable
dently of the fog bank, very small cumuli began in, both the potential temperatures and mixing
appearing along the lee rim of Nantucket at ratios, A calculation of the turbulent mass ex-
0945 EsT. By iooo, the airplane observer noted change has been made from the soundings, supple.
that rows of several of these small clouds extended mented by the surface observations and water
out to leeward and that their appearance was temperatures. The flow of sensible heat into the
"ialmost like eyebrows".' Unfortunately, they Quotecd dirrctly fron airplane obe,"ver's notes.

ik!
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lower layers was computed from the accumulation It is noticed that the greatest increase in the

of heat as dete-rmined from the soundings, Gradi- accumulation of water vapor occurs over the island

ents have been found with the help of the surface and in the first three 1ilometers downwind from

observa ttons. This step has a large degree of th-. island, This area coincides with the region of

uncertainty as negative gradients of the potential greatest turbulence and mixing. Downwind of

temperature eýýst only in the lowest 3o m over the 9 km mark the turbulence decreases and only

the land while the airplane only made measure. a small amount of water vapor is added to the air.
merits at 3. m an~d higher._ The results of this Rough calculations based on moisture accumula-

wgi6nk thow c et had the lowes valu of So ge - m tions show that the coefficient of turbulent mass
reg}Snth cofl~iet hd te ow alu o fogm exchange decrease from a value of i6oo gmn

cm-' sec-', while downwind over the remainder of
the island and 3 km of water, it attained the value cm'• sec-' in the region from 6 kmn to 9 km to a

of 270 gmn cM"' seg"e. Corroboration uf this in- value of 4w gm cml' see' in the region from 9ikm

crease is foutd in the turbulence index curves to 12 km. These values were computed for the

which change from S to IS. lowest 45o m.

Fic. 3S, Phctograph of Fog 1yin. f" the southeast shore of Nantucket, All airplane observations were mnade in

cear air at right of fog bank, Nte the street of ganal cumulus clouds in the foreground, stretching downwind
from the et shore (comtline shown).
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TABLE I S CASE 7 SoCxDIXo I (fOk•ti•d)

NAWTrt:CKr hLOr BALLOO O•AIaw.TzIoNS,, Aurutr 28, 195o Pr -T t P o•l En, Tb

HstDminelri 91 D 2,1.2 7.6 300-.7 1

Um _tma do-'i from N1 rp, 94 17
230 J,7 917 204 7.oJs20pit 93So 01
250 6 1 D 1. 1

4 000 ~19.9 A '1
915250 t U 19.9 75 302.4 1

I 11o85 8v0 1125 D 191 .-7 3=25
Ts240 ý 4. 1190 igU 1: 0

2 3 t55D ,9 6 303.2 2
871 1320 U 18.5 6.9 303.9 1

TABLE 19 - CASE 7 CASE 7- AUGUST 28, 1950
WoaODs HOLE lmatAvrom, AvoUST 28, 1950 SOU -NINO 3

Hoour? (m,) (gm w1mV, ur) HIow, (") (amouF,) Ovr water, 9 km downwind of windward shoreI 2o.-.255T
o-7 to.0 1100-1200 Tmnr. M1,i1g Potumt Turbil.

0700-.0 23.1 1200-1300 81. Prmeit Height a .-.
S4,oo-o0 1300-1400 87.0 .m/ -' . .IrA4J.

0900-1000, sq.' 140c0-l560 74.1 1011 31 - ILO0 14-1 19+4. 12
1000- 1zo 72,1 1 1i95 , 21.7 1316 194.5 8

99 SS~ 21.1 13.194-1 6
CASE 7 -- AU sTr 28, t95o o. 22o D 20.5 IN3.624.6 6

2s vIL 0 13.1 19S.0 7SOUNDING 1 0 19 13-0 2•495 3

Over water, 3,2 km upwind of windward shom 1i2o-12t6 rr? 40S U 19.5 12.8 295.5 1
Ttpw Mzng PomUI Tub9 6z 4700 V L 9.

Pr~,w Hitight &teinv Riatio PTin 951 3 iU 18 r24
mE m . I/i• K 9.43 tooW D :81 12-4 2.1 1

1012 31 U 1949 13.1 193.0 39.41 1do 13 12.2 -*467 2
10oo 95 20.7 3,3 293.6 2 934 7200 20, 7.9 199.5 1

"991 1• 20. 13.0 294. 12 7 8,5 1 1 70.1 723 3001
12 D =, U. i_94,6 S 9 ISO D 2o,47.3 301.1 1
28 VSO 204 12,4 295.0 914 9 10 D I 9 .6 5 301.0 1

--- 345 D 19.9 121, 2 94 90 97Sa 14 301.0 1
4 ,20U . , 6911 10 4_, 19.9 7  3 0 0 -9

-+q t 2,_--Vsv 3 7 302..

94 'D .1", 12.4 2.60 2 181 1 1 D t3J7.T _-7ju -- -- ý -

9-41 660C 1J4 12112 295,9 1 874 129oU 1 .5 7.0 -303.5ý
934 72 II It.2 W97.4 I - U r up !v7i mW of hogi, D dowJmwid •-de , .our-k
027 78S 20.5 7.8 31o.0 Sown ,eordaig toeUm loutiu daiu in ,elon 1U A.
ga1 so D 20.5 7.3 300.8 1
91! 9j5 ! 20.1 7.1 301. CASE 7 - ALvcS"r 28,",1950
907 97D 19-5- 7.1 301.0 1
901 100U I 29.3 7,6 301.2 1 SouNDlN 4.
P4 I1oo1 19.2 7.6 312.c Oer witer, I km downwind ofwindwrd shoreI 1300-1 315 PST

181i65 U 1gi 7,2 .302.3 1 Temw-& Miin PotfUaI Turtm.
1 225D 1.6 .6 302,8 1 Pr.ure Eiight a .T

874, 1 9 U i8L1 7,5 303,1 .b In r./k, index
U U upwind ide of lliz. • downwind Rde. Bounding 1011 38U* h217 14.5 294.0 6

gown &aeigto Iatn routine daw~bed In 8"cion 11 A. 100 95 D 21-4 14. 9. 8
991 15 tU 2•.1 13:8 24 6

CASE 7 - AuousT 28, 195o 902 20 D 20,6 13.8 294.7 6
Sr, 28-o U =,6 13.5 295.4 2
979 345 D 2,.o 13,.2 z$.9

Over i-sland, 3 km downwind of windward &hore 1221-1236 EST j4. 405 U 19.8 m26 295.8 1
Temmp. Miig Potemta1 Turbu- 962 4700D 19.3 124 1.0 2

Piremr Height £aN *1r Te~ c U 19g !12 2.3 2

0oo9 62 '* 21:,1 132 293,9 14 941 66o U 20.2 11,0 2981 1
1001 126 D o .6 13,3 294.0 13 934 720 D 20.8 8,1 2".98 2

=88 " 2.2 13.4 294.5 3 927 785 U 20,8 7.4 300.ý4 1
7 -:" 20,3 13-1 295.0 2 921 8 6 3D2.9 ,1O 30C-1 1

97J 19.9 12.5 295.5 2 9017 91,S D ZO,1 7.3 301.5 29.6 4.38 U 1,2 .:4 29",s 1 9 1 040 19., 7.1 301.2 I

959 ;oi D fl,8 123 2960 3 ioc D 19,2 73 oi8
952 ,63 U 18,4 1 ,24 2.c. 2 1165 U 1 , ,3 3c ,.

&_25 ) 18.0 1 :12 296.4 1 88 1i22 U 1 .8 ~9 3--3.0 1
93 690 U 19.7 1C.2 .9F. 5  1 87 2 85 . 0.

t: rt-ren1 uswi*d u ir e o! he~ix. D dcwuiwind , Scunding ' U re e• tgnur Uwindsie wof h-.-! D downwinr ,dde, Scundin.
Eown t oL-r is exa.ti'•r ,utune dr- tcd in Sc-t~on It A, ow-n acord0 ng to c 1mr. iutine dwne,-d in 8,eic•t, I A,
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G. Case 8 - September 5, 195o, 'n which a cold Their bases were at 350 m and tops about 56o m,
front had recently passed and strong cumu- some higher, with smooth air above their tops,
lus convection occurred. As N-ntucket was approached from the north,

The synoptic sitvation was dominated by the large swelling cumulus were noted over the island
inflow of cold polar air after the passage on the (Figures 39 and 40), and medium.sized swelling
preceding afternoon of an occluded cyclonic sys- cumulus were seen extending at least 8 km to the
tern, Nantucket at the time of observation was lee 'south) of the island, diminishing to smaller
in a region of rapidly rising pressure in the for- cumulus after about 8 km, Approximately 15-16
ward portion of a strong high cell with a gradient km south (downwind) of Nantucket the largest
wind from the north, There were many indica- clouds of all were seen, namely a row of at least
tions that the air wa. being rapidly warmed by four black cumulonimbus with well-developed
the water as it approached Nantucket, The water anvils reaching upward to at least a km. The
temperature was about . 0C warmer than that of observed cloud distribution at about 1000 EST is
the lowest air; unlimited visibility and strong low. shown on the map in Figure 41. Time.lapse
level turbulence prevailed. Small cumulus ap- motion pictures looking eastward from Tucker-
peared scattered uniformly over the waters of the nuck Island verified its significant features.
Sound, forming a sky coverage of i/ic, The level The Nantucket radiosonde flight' at Ico0 EST,

of these small clouds was determined accurately reproduced in Figure 42, showed air of very low
from the airplane as it flew from Falmouth airport stability up to 2100 m where a strong inversion
toward Nantucket between 0850 and 0925 EST, was based, Since this flight was made from Nan-

Flo, . Aerial phorcgrazH c Na.ntUcket cioudA taken at i^,,o Evr, S tber : o, fom !coc,, marked
"r.rst plane photo" on tnt map in Fig. +i. Great Point i3 in the extrrc lowee leit of the photograph, and

Nanomcket harbor in the extreme lower right,
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Pio. 4o, Aerial plhommtph of Nantucket clouds taken at 1025 rST, SePtember ,19 so, frarn locabon marked
"seon pl. n•e .... ' on "the m�a - -in~ip. Cloud line !% oriented approwirnateliy n -s" The large cloud

om the extrmene left is the sme cloud appeLrUng near the center of Fi1. 39.

tucket airport near the south (downwind) portion ble heat into the air of o-53 gm cal/cm' min. As

of the island, the low-level lapse rate was corn- shown by the map in Figure 41, this air passed

puted from the first (upwind) airplane sounding under clouds during a considerable fraction of its

in order to be representative of the basic air cur- travel from the first location to the second. Ad-

rent before disturbance by the heating of the dition of sensible heat to the air by the island was

island. The mean lapse rate for the air below the perceptible on Sounding 2 up to 75o m, Measure.

inversion was about o.6 5
2C/ioo m, while the ments using the heat exchange computer on Nan-

mean lapse rate from the base of the inversion up tucket airport, whkh remained mostly in the clear

to 5700 m was o.42"C/ioo m. The mean mixing between two cloud streets to the east and to the

ratio of the air below the inversion was about west, showed a sensible heat flux to the air cf

6.5 gm/kg decreasing rapidly above. 1.3 gm cal/cm' min, the largest value measured in

Although no insolation record was taken on any of the Nantucket cases. Between Soundings2

this day, one made at Woods Hole a few days and 3, the air was still accumulating heat corre-

earlier indicated that the maximum rate at noon sponding to a flux of o.29 gm cal/cm' rmin, and

would be about 1.4 gm cal/cm2 mrin if no cloudi- between Soundings 3 and 4. a slight loss was indi-

ness were preent. The rate of sensible heat accu- cated, so small as to be within observaticnal, and

mulation between Sounding I and Sounding 2 (see computational error. If real, it was probably due

Figure i for their locations), assuming that to cold water upweling close tn the downwind

Sounding i was characteristic of the air just at shore of the island. There is some evidence that

the upwind shore, corrcsponded to a flAux of sensi- heat was still being added to the air, although
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fai W a~a%

er a 3 rs oftcloud street duuin the late foNnc•e of
Septe~r V~c~ ~ fom rhe~h tu~ah, souxdngs, &Md obwever's ntotes,

te urtuthe onutbe r ofclus was great that lndivda c(ssee ntlcaeteatWo' •he~po

F ogu e s , Nnt et madosne nFgthe d4,and ,oto onTc c and. I Fp ý 4o, and +4 were t ,i .
ke Nathe and T rnu pPot aon rlane hoto' e vely The

locsratnons Thbe cnes .of the hel) cashowed ar hwind by° .h.ub.. ices(oninsi~ ad~

atieasy pwittsher clud aMade under 0r near the same clo.d treet
omn a north-sout stenton,

more slowly, as it moved downwind from Nan- ""$64C ; . . ,
tucket, The first 400 m of the last airplane sound-
wng (about 8 km off the lee shore) showed an
adiabatic lapse rate, and the mean water temper-
ature for about 3o kmt south of Nantucket was
probably still slightly warmer than the maximum
temperature of the air as it left the island (seeo
Figure , Nantucket radiosonde in Figure 42, and
the Tuckernuck water temperature in Table 2z),

The Nantucket and Tuckernuck pilot b&lloon .'~

observations (Tables 20 and 21) showed a wind
practically without shear up to 120 m, where it owl33

ws.The mean wind speed in the lowest 15Soo0

grdall begaom36" nto dcraneindrcintruhSeemr.,qcl(ase and backe towardTi the3-' " *

8ut frm~&(i hnei ieto hog-Sehthis layer). Most of the clouds over Nan- temnptrature; tfiat mnarked Tr is the dew-point tern.
tuk tterminated at about 9CC i, within thie eight cunwv. Thefgrst the right of the ternpera-

lyrof constant wind, The time-lapse motion ture curve areth ii ratios inj. k -- Ih
pictures, a sequence from which is reproduced in entered at the appropriate pressures at the extremeright,
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Fiy.4',Ard ane ph otoaph of Nantucket clouds maýde romnsouthi oTillad a~ rij tis,,-"rcacn Wivtý-iri Fig, .. i

by th'r planephoto'. Most o( the clouds shown belong to the street investigated by the soundings and shown
scihemat6illy on the map in Fig, 41.

Figure 43, showed these clouds growing vertically ature element or some other instrumental effect,
and symmetrically. A few of the bulging towers Checking of the original records shows that while
reached up to about ii;oc m or more, where they evaporation from a partially wetted dry bulb
developed a pronounced backward slant toward may have caused a fctitiously low temperature,
the north (see Figure 44). evidence exists to the contrary. First, within

Figures 4; and 46 are north-south cross sections these same clouds but nearer their bases, the same
over the island constructed froin the four airplane sensing element gave within-cloud temperatures
soundings. Figure 45 shows isoplcths of potential that were higher than that of the environment.
temperature and of turbulence index, and Figure Second, some short horizontal runs made at i4tz
46 shows dry temperature and mixing ratio, A (discussed later) through the afternoon clouds over
marked rise in height of the cloud base toward the Nantucket, which had higher bases and far higher
south was recorded. The heights of the cloud tops than those of the morning, showed the upper
tops, on the average, also rose toward the south, portions of these later clouds to be warmer thin
although nor with such regularity. The two larger their surroundings. The high concentration of
clouds shown were actually flown through in taking isentropes just above the cloud tops on Figure 45
the soundings and are therefore reconstructed indicates that these morning clouds were over-
exactly. The others are reconstructed from photo- shc:)ting their equilibrium heights. Calcu!ation
graphs. The fact that the tops of the two larger from the time-lapse 61im (Figure 43) showed the
clouds appear coider than their surroundings cloud rower to be rising at only • mps. Its top
might at irst be attributed to a wetted dry temper- was at goo m, just the level of the small stable

AL L
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Ftc, 4$. N'orth-s•uth cross sect~ion oi the air over Nantucket Islar'd, September €, t 5o, constructed from the
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Fin, 47 North.-Suth crokS section of the air over Nantucket Island, September 5, it;o, mnrtrcted from the
upwind horizontal airplane P.ights, made between 1:5a e44 EST, Poten~al temperature wid turbulence index
are shown in the same manner as in previous sec'ion., I he c:oud bases have been located exactly from marks

made directly On the flight records.

laver on Figure &6; this and td.e slow ascent speed

are further indications that the tower was over-
shooting, The small cold region in the upper right
of Figure 45 is in a location frequently penetrated
by the highest cloud towers before their dissipation, -

Figures 417 and ý8 were constructed from the ,
,horizontal airplane flights along the same cross
section, Figure 47 shows potential temperature, I
turbulence index, and the exact location of the '

cloud bases recorded during the flights. The high- I LIAR.'",.
est traverse (555o m) passed through the two most ,.....
northerly (upwind) clouds and below the bases of
those further downwind. Figure 48 shows the e 1 ".
calculated correlation coetfcient between dry tern. -__,_.....___...... __

perature and turbulence index, after each variable a S .... * .o
was averaged over ic-second intervals. It has
been shown bv Bunker (ig;,s that high values of Fic,. 4ý. Cross section showing distrob'tion of calcu.

lated correlation cocreCcnt between temperature and
this coeficinot are indicative ot convective ac- trb':ience ndex, rmm hozcnta fights,

t:vit. Up to the ;;o m level, the correlation
coefficient was computed from the same horizontal o; (near the top) one actively growing cloud tower,
"runs as _-owýn in Figure 47 (1250-I34, EST). The which was both warmer and more turbulent than

upper part "as computed from the horizontal runs its surroundings. The clouds observed on this
made around and in the cumulus from !4.,-I445. occasion have been discussed further by .Malkus

The high value of Z.9 correlation was found inside (c.g.2,,..
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TABLE 20- CASE 8 CASE 8 - SEPTEMBER 5, 1950

PILOT BALLOON ORsrKRVATIOhNS AT NAN-rTucKur AIRPORT SOI.O
Over water, 2 km upwir.d c•f windward shore 1C25-1c4o EST1100 EST SEPTEMBER C, 1950

Temper. MLIKrIn Po ten •tl T'urbu-
Hdght Diretion Ve~oe~y P uruwr Tl.ight Ature R:tiog Tr , I..

co (d• eges o ckwise f rvm X) rr.p b m•.6i/( •"xp Id

0 350 6.3 1001 16 D 15,8 8,2 289.2 8
J28 36 9,9 994 ISE U ISO 8.3 289,1 9

6328c . 987 25o D 14r4 8.5 288,8 15S
696 8Co 8,9 98 313 U f4.5 8.1 28994 8
985 360 8.9 973 376 D 13,7 8,4 289.3 8

1310 3.6 8..6 9 ,M48 U I3l 8.6 289.3 10
1640 360 76 959 501 D 12,8 8,4 289,6 7

952 463 U 12•,2 7.8 289.5 6
1965 010 6,7 94, 62S D 11.8 7.7 290.0 C
2290 350 5,4 938 6C u I i'8 7.3 29C.2 7

931 755 D 11.4 70 290.3 426 320 5.8 924 815 U 11,3 6.3 291.0 8
2950 310 5.8 917 87c D 10,8 6.3 291.0 4
328C 310 F.4 911 935 U lo,. 6.1 291.3 6

94 imoo D 9.7 6. 2911. 3

897 065 U 9.7 6,2 291.7 2
890 1125 D 9., 6,c 291.9 2

TABLE 21 - CASE 8 884 1z9 U 8.9 5.8 292,4 2
878 1255 D 8.5 51 2916 2
871 1320 U 8. 5.2 292,. 2

PILOT BALL-OON OBIERVATIONS AT TL'CrExtLCK ISLAND * U reprp bt upwind gido of haliz, D dow'wind @icle, Soundlnm•on Lctrdiru to ==tRc•t routire decrinbed in Smclcn 11 A.
1129 EST SEPTMBER 5, 1950

Heiht Diection V oeity
on (degtloc kwivfronm N) m, _ _ _ CASES -- SEPTr4SEJ. 129S,0,

108 j60 6.o SoUNDINO 2
265 358 114 Over island, 3,15 km downwind from A4ndw&rd shore

414 337 9.0 1138-!151 Err
513 354 92' Temper. Mixjng Poteri t Tut'iu-
612 004 9,0 P remIr~e Height a tre RjLtio TT.P. len

Sb m C gm,/kg Index
707 10 9,0 1012 31 U, 17.3 93 289,7 In

8.0:1 003 10.3 1005 95 D 16.c 8.8 289.5 15
,998 i U 15.7 8- 2989.2 8
990 :22 D 15.2 9.0 289.4 10

990 358 11.0 983 28 U 14.6 8,7 289,3 7
976 345 D 13.9 8.6 289, 2
969 405 U 13-. 8.6 289.4 1396- 470 D 12,9 8.5 289,4 10

TABLE 2'2- CASE 8 9f55 ;3 U 12., 8.4 299.6 9
948 6ooD 11.8 8.1 289.6 9

SURFACE OS3FRVAll0NS' A Tuc.KERNLCK ISLAND 941 66o U 1,17 7.9 289.9 4
934 72o D 11,4 7,4 290-4 6

S EPT 95 97 7R5 U 10,4 7.7 289.8 6
".•dy921 8ý,o D xo,^. S.C -'9.,) 4.

Time Td Tw Wind 'eftlmatad) 914 91i U: 1C." 7.2. "90.8 6
EST C C 9. D0Unn7 975 D 9.9 6.s 291.0 2

100C '8,9 1-.4 350 7 4/10 CU 901 IC40 U 10.1 5.9 291.7 1
694 11o0 D 9.6 6.i 291.9 2

1100 194 6350 8/6u87 1 U 9,2 6,1 :92,1 No
12=0 19.0 15.4 350 9 6/x u 991 12.2 D 8.6 _.9 291.9 trce

1300 Z-,2 16.4 350 / 6/1c cu 974 1290 U 8,1 6.o ^92.4 of86ý ,1355 ) '7's -'7 -,92,6 t=r
1400 19,0 i..6 350 7 "0c Cu 861 142Z U ,4 5. 92.8 lc9:e-

I U' rprr-:-c-,tz _p", nd !:do, o! hPix, D) d ',n'r;. ln d Fcale, C-o r"d n;
1  Cater c.c.rrou .u' a•a"c"ru- , rg.6iC, Nc cr high clouds, r.1 a, c'00 : t 'ctlcn 11 A.

p.
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CASE SEPTEMBER 5, i950 CASE - SEPTEMBER 5, 1950
&U'NDIN'C 3 s.OustU D 4 0 1

OF let short, 6.75 km downwind from windward Thore Over water, 13.,7 km downwind of windward ;hore
11;5-1110 raT 1218-1230 EST

TemrPer. Mixitg Potential Turh~i- Temper. MiVing Potental Turbu.
Pru.re , Height .1t.re Ratio Temp. Icnie Prei'"re Height atWtP Rit'i Ternp. lenc

m b m eC gm/kg OK Index rr b m ec gm/kg OK Index
1012 31 U' 17.8 9,6 2g:.1 16 1012 31 U$ .6
Ica( 9c D 76,8 g +t i89'9 to i o 9 D D ,7" 8. 2897• 9

99 lc5 U 16.4 17' 2899 0 998 55S U 15.9 B." 28gIt 10
2= D 15,4 8.9 189.] I- .I n D .7 9.0 289., 10TT .. &L^ .o 149 8991 1 1ý 28.0 U 249 90 199,6 14
2 4 983 14.9 9.0 2

9-1 34C D 14,1 .7 295 5 976 345 D 14.2 9.1 ^.89.5 13
40i U 13.8 8.9 289.7 5 969 4o5 U 13.7 9,2 289,6 13

962 4 70D 1110 8.4 289.5 9 9.247 3, ' 289.6 to
954 (30 D 12,7 8.8 289.8 6 962 470 D . 9,1 289.7 10
948 66o D 12,1 8.4 28gB 12 9S 530 U r2.6 8.9 289.8 13
941 66o U i.6 8.5 289.9 8 948 6oo U 12.0 8.7 289.8 12

934 72o D fl,3 8.2 290.2 10 941 66o U 81.8 8,4 290.0 9
922 i30 U 0,J 8.0 290.5 5 934 720 D 112 8.0o 9o, 1 6
917 870 U 9.8 8.1 290.0s 97 785 U IcB 7.9 290.2 c
907 97SD lo.6 6.4 291.7 907 97ý D 9.6 7.0 290.8 I

1O 104 U 10.4 6.2 291.9 2 87 1o65 U 9.1 6.4 291.2 2
94 lroo D 9,9 6.4 292.' 3 890 •1i2 D 9,3 6,: 291.9 3
7 ;16s U ?.3 6.3 292,o 3

88t 225 D .7 61 292.0 2 884 119 Igo g. 6.1 292.2 1
874 1g290 U 8. 6,c 292.5 2 878 2550 1 8.2 6.1 292.3 1
868 1355 D I./ 5.9 292,7 3 871 32c U 7,6 6.2 292.0 1

U re•erants upMernd seo of heia, iD d,,w•%ind sdde, Sounrding r' U repremt upwind Side of hdelix, 1 downwind ide, Sounding
nown acc--rding to e-.'ctizng rutine der.bel It ,ecton 11 A. Bown acording to exw.ttii routine dscribed in S•ec•o II A.

L



IV, SUMMARY OF NANTUCKET OBSERVATIONS, SUMMER OF 1950

DATE 8/8/ ;O 8/1/50 8/14/50 8/ 1 (C 8/25/50 8/5/50

OCC '."•ct•i at perod Non.€on- Very
of Cuinuls Many None Marm None vective small Mary

Ind period Frctm- Icnticular
Slight Cumulus

Depth (m) 1o00 ISO 93; 3oo_ MC oo 5o1 lcc

Lower - ooLayer Upwind -0-,8sC --. 6c6 +.0 -o,o -o.36 +0. +,
Lapse rate +-0,36

'C/ioo m

Depth (m) Soo 1050 i 320 _ $2 1 745
Upper400

yer Upwind +o. 30a +,6: -+, +0,77 -4-0.42 "-•, ,-.,4
Lapse rate +0,83

Maximum

Insolafion 1.3 1.2 1,, r, . 1.5 4.4 Missing

6l,/crnrmin) _est. 1.2

Layer ým) 0 o-10- .0 , 9o0 1000 C. I- g..,__ 0-. Boo I--I Soo
Mean Io-10go ý
wind

U North 0 raps 1 ramps 6.3 mrps 33,pa .2 ,mps 8.araps
3.7 Mrps from WSW southerly southwest norteist. SV from 36 0 ,

slight 0 ely. No charpg
turnin ly 'Iest whtn , in direcion,
tow.r W Iheigh. south

;outhwest-
S. .... . . . . erly

Evidence Preferred DoIrwrdlra ft [oefhire Downdraft Updraftw Updraft Lonq, large

oaaticy indicated lee waves indicated posibly ,at 6c0 n arnplitude
Oscllation of cloud by dry at lee ndiIated at lee lee waves

Sdevelop- rgo tshor syse _hore s~se
7 ohotr~e, by rie Shre I ugqestedreeCnpt ee shore aOtb I in isen- indicated by torn's-

-kin I km indicaon -rpes by small tion of
apart of lee 2 km inside clouds, cu.mulo-

waves bl' windward Those down- nimbus '17
small shore, stream kmn down-
cumulus spaced wi-d

thani km

Liftirg Conden. -8ýc m' 323 m 47 8 1 3!3 m 34o m 2 o2m In 6  (a
sation Level bhsed parcel at
on lowest poit on m, m needs
upwind sounding only k6 m

3m) iftng for
saturation)

•F-on Nantucket rad!39dnde.
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